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SYSTEM AND METHOD FOI 
POWER-EITICIENT CHaSc^C 
DISCHARCIXC OFac3£cTT?£ 
FROM A SINGLE SOURCE 

BACKGROUND OF THE INVENTION 



I. Field of the InvcncioQ 

The prcscat invention relates » electronic circuits and 
systems Mere specially, the pr^cne invention d^™ 
power duMpanon m dc orotic circuit acd systernl 

2. Description of the Related Art 

Power dissipation of electronic circuitry is an imcortanr 
de-go, consideration for many oppUconoS. PowcrX^S 
Uon provides a measure of the eficeacy of the system. Thr 
efficacy „f the S y,^ impacts thc disTgn o^^w^ 
S * t C t ySXern - ^ Iow eScicacV leads to £J£ 

Jz b ^ isriss tsar 

pal^ak" ^ to0f - consider coronar? 

d^'£T^ h =? P° wcr di»I>«u» is a critical ccruxxn 
due » the diffieddy or accessing the battery for replacement 

of t^Al^' f Mi P iUcd «W " «l«sed in the fcrm 
to protect or cool system components from the heat created 

Far the CMOS (ccmplematary-njctal-oxide se-icon- 

ers, digital logic circmo and the like, camcic&e efcea ar 
^ "WMe for thc dissfpauoa of pc^eTsS 
capactivc effects arise due to junction apacianc=7J*ln 

S^SSS."*"' M ^ *~i« and the capaci- 

In accordance with conventional Ceachinn. cower 
paeon „ directly related to thc cperS^ST^ 

tne capaanve demeac ' - 

„? r r!!i 0n m ^^"^O" of unnecessary capacitance* 

Z^l PPOm fhnclonal apecincation of the circrit, 
mc^p^or approaches to the problem have foensed on 
reducing the voltage applied to the capacity element 

owcr the vobagc of digital processors and the like have bom 
hnutcd by the fact that the tread is to hiaheT^™^ 
^hich cannot be attained at arb^ytw^f 

Thus, there is an ongoing need in thc art for a system and 
t«hmqne for nnaimiziag the power dissipated by SgK 
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SUMMARY OF THE INVENTION 

Trrr. 3Caic ' P^vtdca a system and 

mcthc^for effiocady charing K d duchaxpng acan.or^c 
load torn a ^glc voltage .aoxec Ihcln^riv^S 
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includes a lint switch for selectively connecting the volume 
source to the load and u second switch for scVcS 
proving a short acres the load a, nu y be comr^S 
an. A particularly novel aspect of the iovcno' 0 „ ^des £ T C 
proton of p.ural enpaciave eicmcnts andTswLw 
rncchamsra for selectively connecting each of the c^acSvf 

the bitching mechanism 
mrJudcs a set ofsw.ccbcs for sclccdvcly connecting each of 
the capaemve elcmcats to the capaciave load and VSreb 
control mechanism t „ selectively activating the swipes 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG . 1 is a simplified representation of a conventional 
dnver for a capacirive load. 

- w, HG " 2 , 3h ° WS 3 SyStM for cJl «S»'nS the load capacitance 
by several steps and thereby reducing power donation 

^'A" * "eheaatfc of a preferred embodi- 

ment of the carait of the present invention for reducing the 
power mssxpanon of a capacirive load. 

FIG. 4 is a diagram showing the control circuit of the 
driver constructed in accordance with the teachings of the 
present invention. 

^ G V\ b a d f dn S diagram which illustrates the occracon 
of the driver of the prcsea: invention. " . J> 

30 ' Q 

DESCRIPTION OF THE INVENTION £ 

™ a ^ VC cmboditnents and exemplary applications wiU 
now be tanned with reference to the accompanying 
33 drawings to disclose the advantageous teachings" of the 7r 
present invention. ^ . EL 

While the present invention is described herein with ^ 

reference to iflusrxarive ernhodimrats for particular apolica- = 

toes, it should be understood that the invader, ii not 5 

40 hmued thereto. Those having ordinary ,ku] in the art and g£ 

access to the teachings provided herein wfll recognize ^ 

additional modifications, applications, and embodiments !~ 

within the scope thereof. fa 

Most of the power dissipation in digital CMOS crczrits is 111 

J^,^ discharges of enpacin ve loads ffi 

- ^ circuit and those associated ^ 

FIG. 1 is a simplified represeanuion of a conventional 
dnver for a capacirive load. The load C c represents the 
capaocancc of a load and the interlead capacitance of die 
lines connecting the driver 10' to the load 12.'. The load LT 

is charged to the supply voltage V by connecting the load IT 

to. the power rail via a first switch 14'. In practice, theswitea 
■ . ^.l semiconductor field-effect iran- 

«stor MOSFET) which has a nominal "on" resistance. 
When the swuch 14' is dosed, a charge CV passes through 
the resistance of the switch 14'. The voltage droTacroas^he 
resistance varies from an initial value of V to a final value 
of zero, so the average voltage drop V traversed by the 

• oSpltin isf" ,f ** b ^ 

£ *OV^CV (V/l^CV*/! ft] . . 

65 A similar argument applies to the discharge proceia, torn. _ " 

oomplece conventional ch^r^Uch^c cycle di^cs M 
inc energy provided by the power supply, QV-fcV a . 
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In accordance with the present teachings. p QWCT dila- 
tion 13 reduced by charing the capacitance of the load C in 
several steps. This is illustrated in FIG. 2. 

RC 2 show, a system 10 tor charging the load capaci- 
tance by 3C veraJ itcps and thereby reducing power dissipa- c 
-on. Here a banx of supply voltages V t to V v arc used to 
cnargc the load 12. The voltage of the scpolies are evenly 
distributed b«wc=o ground and V„ 3Q that the voltage 
P^W^h bct 7 ccn ^ 7° ?d,ac=nc supplies is the 
Each or the voltages is aelecnvely applied to the load 12 by 

switches including the tint switch 14 and N-l additional 10 
swuches. Between charge cycles, switch 0 is dosed. To 
charge the load, switch 0 ia opened and the supplies V. 
through V v arc enrsected to the load in succession by 
selectively closing the switches, that is. by momentarily 
c.osong switch 1. opening switch 1, momentarily dosin- 13 
switch 2 etc. To discharge the load, the suuclies V ' 
througn V, are sw-^hed in in reverse order. Then switch 0 
is cosed connecting the output to ground. 

If N steps are used, the dissipation per sten is again given 
by the transferred charge and the average voltage drop 20 
across the switch, resistance: 
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To charge the capacitance all the way to the supply voltage 23 
V. N steps are used, so the total energy dissipation is: 

= .wcAifr 30 
= ar-ON 

Again, a full diargenlischarse cycle wul cause twice the 
aisjnpauon of the charging only. Thus, according to this 35 
simplified analysis, charging by several steps reduces the 
energy dissipation per charge-<iischarge cycle and thereby 
the total power dissipation, by a facsor of N 

Tec multiple supply voltages of FIG. 2 cay be generated 
with a barrcry stacJc For equipment not powered by batteries 40 
or when the desired voltage increment is sot a mulriolc 0 f " 
the battery ceil voltage, a power supply unit would ieea> 
mgly have to generate these multiple supply voltages with 
an aasocated cost in expense, complexity and power dissi- 
pan co. 

FIG .3 is a amplified schematic of a preferred embodi- 
ment of the circuit of the present invcaiion for reducing the 
power dissipation of a capaative load. The circuit 100 is 
osealiaJly idemical to that of FIG. 2 with the exception that 
the supplies V.-V^, arc replaced with a correspondrae 50 
number of capacitors Cp LS which will be referred to a* 

pVaotora. Each tank capacitor C^-hasa capacitance "~ 
which is much, much larger (eg. an order of magnitude) 
than the load capacitance C c . Switch operations are 
sequenced by a control circuit 20. 5J 
. nG 4 " a diagram showing the control carcoit 20 
interconnected to plural MOSFET switches for an N-<S 
implementation of the driver constructed in accordance with 
the teachings of the present invention In FIG. 4. the tank 
capacitors 18 arc eliminated for simplicity. The control 60 
si gnals may be provided by the circuit 20 or may be supplied 
by a host microprocessor. The control circuit 20 may be * 
implemented in several conflguratioas. For example, the 
control circuit may be implemented with a rracroprocc«or 
or with a shift register and a counter. Tn the .alternative, a 45 
latch 22 and input and output logic arcaitr 24 and 26 
respectively, may be used as shown to FIG. 4. The input and 
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HG^S ,s a timing diagram which illustrates the operation 
of the driver 100 of the prr.cn: invention. In FIG 1£TZ 

MO. 5{/7 shows the oucput at the load C 

The operation of the circuits of HGs/3 and 4 is essen- 
the some a. that of FIG. 2. That is, fa the initia! sZZ 
M condition awna 0 is closed and there is ao char-e ona^yof 

' . s cw T SWi£Ch ° is oP««l"and P S wurl 1 

.s eosed. Su:c= there ls no charge on the load, C A nor on any 
of the tanx capacitors C„ there will be ^ci^^fe 
„ ^"Sh any of the switches as each is cic^hT^T 

'« applied to the load 12. . s 15 

i/l ^^ C . ^3 cd S= of *°F« pulse a discharge evele is 

rfl ^ — C ^ w ff n '^-= s-*tfcnes ar= rncrnencrily dcacd in 

closed. Th« switchN-l is opened and switch S^doLS 

i ,A SoSScc F,^ = " VC m03C ,° f ^ ^= on the load - 

capacaicc. Each capactnr down the line win receive a. 

- 33 SZ^T, ^ th= immcdia ^y proceeding 

1=3 A^r awjtcfa 1 opens, switch 0 da.es to ccrnplel^yS - 

dntnpxng the remaining charge on the tad^^Sf 
!■* Thu,, over several cycles the tank capacitors wffl i 

U « 2 «P=cavely Then, at the beginning of the r^rt cycle 

capa^tor is apphed to the load, then the voltage on^e 
*=coud capacuor r> applied to the load and so c^Thus, in 

« S^T* ^ 1 ^ " ^ Ued ta ^ then 2^ta 
then three volts and etc As a result, the voltage cTlheTcad ' 
wfll gradually increase as shown in HG £/> ^ 
The circuits of F1G.3 and 4 wffl orovidcihe same power 
»*«* °° - ^ of FIG. Tbot wSS^J 
30 £^ ^ a ^ wltao « complicaiiag the power 3 

' ' " ' "± ^ "Plextor C- is charged to the voltage of Ac 

c^onding supply of FIG. 2, and that the load ^aS 

55 £^1^ ° pCnm * Swi£ciua 1 ^"2h N in success 
to capaotor (and the power supply) deiive^S 
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<r-c c v/7v 

W 

C JSf ^ ^ than the load, the 

wh Z ^ ^ , wai ^ ^ ^ aa for the caac in FIG 2 
w^tt^tnpply va tagc* arc cotutanL To dSsctaS : *e 

77°, receives a charge of the same jucc m thai del? vr-r~* • 
—ng charge phase, and an equally sized ch^dl^ 



% t 



5 

ro pound via switch 0. Over the full chargc^charge cycle 
only the power supply injects any charge into the circuit. No 
act charge is drawn Crop any tank capacitor, 30 the tank 
voltages do not change. 

Tax: voltages of the tank capacitor bank arc sdf-atabiliz- 5 
mg To appreciate this, assume that the voltage of one of the 
tank capacitors is slightly higher than it should be. Then, the 
charge delivered by this tank capacitor during the charging 
of rhc load will be sotnewhat larger than thai given by 
equation [4], since the "step" Xroca the voltage below is now 10 
slightly larger. During the discharge phase, the step from the 
voltage above is slightly smaller and the charge received is 
therefore smaller as wclL Therefore, over the full cycle a net 
decrease or the charge on the storage- caroacx occurs, 
• • wfcicn causes a decrease in the capacitor voltage. The initial 15 
deviance is automatically counteracted. 

Even if the tank capacitor voltages differ from the "car- 
reer" values, the circuit wQU work logically correctly, since 
each charging (discharging) cycle ends by connecting the 
load to he supply rail (ground). Voltage deviations simply 20 
bring higher dissipation. This happens during start-up 
bciore the tank voltages have had dree to converge to the 
even distribution bcrween the supply voltage and ground 
The lmplezncntanon cost of a driver as that shown in 
□ HG - 3 b &ttmncd by the tank cap actors, the switches, the 23 

;.Q Trrr^m<rm controlling the switches, and the interconnec- 

tions of same. Note that all extra interconnections are locaL 
As for the crmvcnrinnal case, only one connection to the 
power supply is needed. Also, several drivers may share the 
; g same capacrtnr bank and pan of the control mechanism. 30 

i'O . Thc P 1100 ^ of maintaining the aenrouriate voltages on 

r - the tank capaotors is obviated by the fact* that the capacitor 

vohnges will converse automatically to the desired voltages, 
l«* . No additional circuitry is required. Only one supply line 

must be routed Co the chip and the power supply need not be 35 
any mere complicated than a raavexxtiuiaf nxpply In prac- 
tice, the tank capacitors would be located off-chip, | 
For a CMOS implementation, the following design pro- : 
ceduxc may be followed to provide a driver configuration j 
f*% which exhibits rm'nfmal power dissipation. 4$ » 

=:S Equation [3] . indicates that dissipation decreases mono- j 

w tomc= ^y with increasing X. The number N" cannot, however 1 

be usefully made arburaruy large because each step requires* 
that a switch be turned on and off, which itself causes 
dissipation. Also, the energy nsed to drive each switch 45 
depends on the width of the device, which should be Just 
enough to allow the charging to complete before the next 
step commences. Thus, tar a given total allowable charging 
time T, there is an optimal number of steps and a set of 
optimal device sizes which lead to minimal total dissipation 30 
determined as follows. 

Again, consider the circuit in FIG. 3 and asxume the gates ™ 
of the switch devices are driven conventionally. The load is 
charged and discharged once; the energy needed to drive the 
gates of the switch devices is: 55 



^-(2c^ l c;)v= w 
v ft p=o / 

Allot each step ooe Nth of the total charging time X Then: 60 : 

Here, m is the number of RC time constants spent waiting ' 

for each charging step to complete. From equation [6] it is 63 ; 

evident that all the switch devices should have equal on- I 

resistance: Rr=R^ Decreasing the on-raistance of device i j 



by increasing the width mcam iccnaiin- th~ 

tancc; mcrrasmg the gate capaci- 

p, la a quality measure of the switch It vnn l_ . . 
the buDc-to^hannei and g^c^Sni ^ ^ U iincc 
eat for different 3witch^ Vo ^« are differ- 

[7] yields: 3 * Comb,mn S cquauons [5]. [6], and 
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tl££* S * a av «*c of P< for ^ di ffercnt 

energy dissipation: uaw ^ expression for the tool 

The nomber N that mirrinfrr, is gi vci ^ : 
The coirsaponding energy dissipation is: 

,3 TZT , ™ 

to^ioR f0r f too small, 

win jjiu .{ye « jZrf"r oy Practical cnmirfrTMioM) 
UonaJc*^ 2 ^S^ T 60 * OYcr "weal 

» given by equation ro^Tte ^^Sf 8 rf SWitdx 

equation (7]. The values of a f w ao-^^Lf £ 
found by circuit simulation or bv pm ^* S ^ 

tances of -ten device, tf^S*^ ^ *■ ■ 

Thus, the present Invention has bcL, A t~« u • 

with reference to a Daitiadar rmtt.«^ ««cnbed hercra 
application. TW h/S^r^^^ 
to the present tea^ Ba 1Lii~Ls and 

*. e*JTS "SK-^-^ . 
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